In this article, we present a design for a triple-band tunable metamaterial absorber with an Au nano-cuboids array, and undertake numerical research about its optical properties and local electromagnetic field enhancement. The proposed structure is investigated by the finite-difference time domain (FDTD) method, and we find that it has triple-band tunable perfect absorption peaks in the near infrared band (1000-2500 nm). We investigate some of structure parameters that influence the fields of surface plasmons (SP) resonances of the nano array structure. By adjusting the relevant structural parameters, we can accomplish the regulation of the surface plasmons resonance (SPR) peaks. In addition, the triple-band resonant wavelength of the absorber has good operational angle-polarization-tolerance. We believe that the excellent properties of our designed absorber have promising applications in plasma-enhanced photovoltaic, optical absorption switching and infrared modulator optical communication.
Introduction
In recent years, there has been a great development of surface plasmons, which is an electromagnetic wave propagating along the interface between a medium and metal. It is generated by coupling the light field and collective electron oscillation on the metal surface [1] [2] [3] [4] [5] . Surface plasmons play an extremely important role in optical wave guides, optical absorption switches, subwavelength optics, sensors, and photocatalysis [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Local surface plasmon resonance is an important branch of the surface plasmon field. In particular, the local surface plasmon resonance (LSPR) of Au nanoparticles (NPs) has received extensive attention for many years due to its unique optical properties [16] [17] [18] . Under the action of incident light, the collective oscillation of Au free electrons can enhance the local electromagnetic field on their surface [19] . Au nanoparticles have strong local electromagnetic field enhancement on the surface, which has been widely used in fields such as catalysis, photonics, sensing and surface enhanced Raman scattering (SERS) [20] [21] [22] [23] [24] [25] .
The perfect metamaterial absorbers (MAs) have the ability to absorb incident waves and the property of almost perfect absorption. Moreover, it has some special properties in nature, such as perfect lens, stealth, and negative refractive index [26] [27] [28] , which has attracted wide attention. Metamaterials are composite arrays of subwavelength resonant metal structures with specific optical properties. In 2008, Landy et al. first proposed a perfect absorption material based on a metal structure, which is composed of metal-electrolyte-metal [29] . Due to the strong resonance of metal structures, the absorption rate is almost perfect. The properties of metamaterials depend on the geometry of a single cell. In recent years, people have conducted in-depth studies on the design, preparation and characterization of MAs [30] [31] [32] [33] [34] [35] [36] . Metamaterials have developed from microwave to terahertz, infrared and visible regions [37] [38] [39] [40] , and from single band and polarization sensitivity to multiband and weak polarization sensitivity [41] [42] [43] [44] . However, currently existing MAS are mostly single-band, sensitive to polarization and have low tolerance to incident angle, which requires the design of a metamaterial absorber with multiband, insensitive polarization and wide angle.
In recent years, optical absorption studies have been performed on multi-band metamaterial absorbers. For example, Wang et al. explored the absorption rate of triple-band metamaterial [45] , but the peak tunability is poor and the sensitivity to angle and polarization is relatively high. In this paper, we address these shortcomings and design a triple-band tunable metamaterial absorber. We adopt the finite-difference time-domain (FDTD) method, and research absorption characteristics and resonance sensitivity to light. We find that the three peaks in the absorption spectrum are caused by resonance effect and surface-based plasmon resonance. The peak can be adjusted by changing the structural parameters of the model and the background environment, and the structure has the advantage of being insensitive to angle and polarization. Therefore, the triple-band tunable ideal metamaterial absorber designed by our team will have potential applications in the fields of plasmon-enhanced photovoltaic, optical absorption switch and infrared modulation optical communication.
Structure Design and Numerical Model
In the numerical calculation, Wang et al. used FDTD to calculate the optical properties of the absorber, and we also used the same technique for numerical simulation [46, 47] . We numerically analyzed the performance and the optical response of the plasma nanostructures by employing the FDTD simulations. We propose a structure of the tunable triple-band absorber concentrating near the near infrared region as shown in Figure 1 . We consider that the metamaterial designed in the top panel contains a square matrix. Gold was chosen as a metallic element for its chemical stability and low ohmic loss. The structure made up of a Au nano-cuboids array. The Drude model is a simulation model that is closer to the experimental item than many other models. For example, Wang et al. used the Drude model to study related absorbers [45] . The dielectric constant of Au can be calculated by using the Drude model [48] [49] [50] , which works well in the near infrared band. The Drude formula is
where ω p is the plasma frequency, and γ c is the damping constant. For Au, ε ∞ = 9.1, γ c = 4.05 × 10 13 rad/s, and ω p = 1.38 × 10 16 rad/s [51, 52] . The complex refractive index data of Si is taken from Palik [53] .
In the metal rectangular plate, t represents the length of the side of the rectangular plate with equal sides. b and a respectively represent the long side and the short side of the rectangle with unequal sides. During each period, the rectangular plates with equilateral edges are located in the center and the four rectangular plates with unequal edges are located in the four directions of the period. The change in the size of the rectangular plate resonator allows the effective dielectric constant and permeability to be specified. These dielectric constants and permeability provide impedance-matching to minimize reflection. Due to the resonance of the local surface of Au nanoparticles, our absorber can achieve triple-band spectral tuning by adjusting the structure. In the calculation, the plane wave source is polarized along the x direction. To reduce computation time and server memory, we consider periodic boundary conditions in the x and y directions. The perfect matching layer can be directly adopted in the z direction outside the structure area. We set the mesh precision to a higher level of 6, and the plane light source used is from 0.9 to 3 µm. The Au nano-cuboids array has the same length along the x and y directions. The geometric parameters of the structure are set as follows: upper Au thickness c = 25 nm, dielectric layer SiO 2 , dielectric layer d = 35 nm, lower Au film thickness m = 200 nm, substrate SiO 2 thickness n = 300 nm, t = 300 nm, b = 400 nm, a = 90 nm, P(x) = P(y) = 600 nm. The absorber we designed is simple in structure, and the preparation process in the experiment is simple and easy to realize.
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We also explored the effects of different parameters on the absorption of the Au nano-cuboids array, as shown in Figure 5b ; t = 260 nm (black), t = 280 nm (red), t = 300 nm (blue), t = 320 nm (green). Due to the close proximity of the Au nano-cuboids array, the coupling effect may affect our absorption performance. Therefore, we selected the changes of fixed geometric parameters that will affect resonance. First, we fixed the parameters of the surrounding cube within the period, a = 90 nm and b = 40 nm, and changed the side length of the middle cube in the period, as shown in Figure 5b . As t increases from 260 to 320 nm, the corresponding resonance peak showed obvious red shift (λ2: from 1358 to 1658 nm). Then, as shown in Figure 5a , by changing the value of side length a, we can clearly see that λ1 varies from (863, 0.78), (943, 0.84), (1027, 0.90) to (1111, 0.96). The peak value shows obvious red shift and rise and presents a linear relationship. As shown in Figure 5c , by changing the value of side length b, we can see that λ3 changes from (1772, 0.92), (1584, 0.96), (1940, 0.98) to (2039, 0.99), and the peak value shows obvious red shift and rise. It can only be noted that there is a certain increase in the peak value of λ2 here (from 0.85 to 0.99), which is due to resonance. These indicate that we can adjust the position and height of the three peaks by changing the structure so that we can use them as tunable metal elements such as optical absorption switches and optical modulators [64] [65] [66] . We also explored the effects of different parameters on the absorption of the Au nano-cuboids array, as shown in Figure 5b ; t = 260 nm (black), t = 280 nm (red), t = 300 nm (blue), t = 320 nm (green). Due to the close proximity of the Au nano-cuboids array, the coupling effect may affect our absorption performance. Therefore, we selected the changes of fixed geometric parameters that will affect resonance. First, we fixed the parameters of the surrounding cube within the period, a = 90 nm and b = 40 nm, and changed the side length of the middle cube in the period, as shown in Figure 5b . As t increases from 260 to 320 nm, the corresponding resonance peak showed obvious red shift (λ2: from 1358 to 1658 nm). Then, as shown in Figure 5a , by changing the value of side length a, we can clearly see that λ1 varies from (863, 0.78), (943, 0.84), (1027, 0.90) to (1111, 0.96). The peak value shows obvious red shift and rise and presents a linear relationship. As shown in Figure 5c , by changing the value of side length b, we can see that λ3 changes from (1772, 0.92), (1584, 0.96), (1940, 0.98) to (2039, 0.99), and the peak value shows obvious red shift and rise. It can only be noted that there is a certain increase in the peak value of λ2 here (from 0.85 to 0.99), which is due to resonance. These indicate that we can adjust the position and height of the three peaks by changing the structure so that we can use them as tunable metal elements such as optical absorption switches and optical modulators [64] [65] [66] .
The effects of the thickness of the dielectric layer and the thickness of the Au nano-cuboids array on the absorption spectrum were also studied. The results are as shown in Figure 6 , through preliminary observation, we can find that changing the thickness of dielectric layer c and changing the thickness of top layer d have very similar effects on our absorption rate. There is a slight blue shift and a decrease in the peak value of λ1, λ1 in Figure 6a from (1185, 0.99) to (1079, 0.89), and λ1 in Figure 6b from (1167, 0.99) to (1084, 0.94). For λ2, there is a blue shift and a decrease in the peak value of λ2. λ2 in Figure 6a from (1716, 0.93) to (1540, 0.99), and λ2 in Figure 6b from (1697, 0.93) to (1542, 0.99). For λ3, blue shift occurs. It is worth noting that the peak value of λ3 increases first and then decreases as the value of c or d changes. With the characteristics of the medium layer and top metal, we can also make tunable metal elements. The effects of the thickness of the dielectric layer and the thickness of the Au nano-cuboids array on the absorption spectrum were also studied. The results are as shown in Figure 6 , through preliminary observation, we can find that changing the thickness of dielectric layer c and changing the thickness of top layer d have very similar effects on our absorption rate. There is a slight blue shift and a decrease in the peak value of λ1, λ1 in Figure 6a from (1185, 0.99) to (1079, 0.89), and λ1 in Figure 6b from (1167, 0.99) to (1084, 0.94). For λ2, there is a blue shift and a decrease in the peak value of λ2. λ2 in Figure 6a from (1716, 0.93) to (1540, 0.99), and λ2 in Figure 6b from (1697, 0.93) to (1542, 0.99). For λ3, blue shift occurs. It is worth noting that the peak value of λ3 increases first and then decreases as the value of c or d changes. With the characteristics of the medium layer and top metal, we can also make tunable metal elements. We also explored the effects of different parameters on the absorption of the Au nano-cuboids array, as shown in Figure 5b ; t = 260 nm (black), t = 280 nm (red), t = 300 nm (blue), t = 320 nm (green). Due to the close proximity of the Au nano-cuboids array, the coupling effect may affect our absorption performance. Therefore, we selected the changes of fixed geometric parameters that will affect resonance. First, we fixed the parameters of the surrounding cube within the period, a = 90 nm and b = 40 nm, and changed the side length of the middle cube in the period, as shown in Figure 5b . As t increases from 260 to 320 nm, the corresponding resonance peak showed obvious red shift (λ2: from 1358 to 1658 nm). Then, as shown in Figure 5a , by changing the value of side length a, we can clearly see that λ1 varies from (863, 0.78), (943, 0.84), (1027, 0.90) to (1111, 0.96). The peak value shows obvious red shift and rise and presents a linear relationship. As shown in Figure 5c , by changing the value of side length b, we can see that λ3 changes from (1772, 0.92), (1584, 0.96), (1940, 0.98) to (2039, 0.99), and the peak value shows obvious red shift and rise. It can only be noted that there is a certain increase in the peak value of λ2 here (from 0.85 to 0.99), which is due to resonance. These indicate that we can adjust the position and height of the three peaks by changing the structure so that we can use them as tunable metal elements such as optical absorption switches and optical modulators [64] [65] [66] .
The effects of the thickness of the dielectric layer and the thickness of the Au nano-cuboids array on the absorption spectrum were also studied. The results are as shown in Figure 6 , through preliminary observation, we can find that changing the thickness of dielectric layer c and changing the thickness of top layer d have very similar effects on our absorption rate. There is a slight blue shift and a decrease in the peak value of λ1, λ1 in Figure 6a from (1185, 0.99) to (1079, 0.89), and λ1 in Figure 6b from (1167, 0.99) to (1084, 0.94). For λ2, there is a blue shift and a decrease in the peak value of λ2. λ2 in Figure 6a from (1716, 0.93) to (1540, 0.99), and λ2 in Figure 6b from (1697, 0.93) to (1542, 0.99). For λ3, blue shift occurs. It is worth noting that the peak value of λ3 increases first and then decreases as the value of c or d changes. With the characteristics of the medium layer and top metal, we can also make tunable metal elements. However, for many metal absorbers, once their structures are fixed, their resonant wavelengths will no longer be tunable, so we calculated the change of absorption spectrum in different background environments. Figure 7a shows the absorption spectra of n = 1.0, n = 1.1, n = 1.2, and n = 1.3 with wavelengths of 900-3000 nm. The phenomenon of red shift appears with the increase of the ambient refractive index by three peaks. λ1 from 1115 nm to 1190 nm, λ2 from 1593 to 1743 nm, λ3 from 2093 to 2224 nm. It can also be seen from Figure 7b that the redshifts of the three absorption peaks vary linearly from 1.0 to 1.3 in the background environment. Therefore, this resonance mode of our designed absorber can be used to adjust our absorber to achieve the desired effect in different environments. However, for many metal absorbers, once their structures are fixed, their resonant wavelengths will no longer be tunable, so we calculated the change of absorption spectrum in different background environments. Figure 7a shows the absorption spectra of n = 1.0, n = 1.1, n = 1.2, and n = 1.3 with wavelengths of 900-3000 nm. The phenomenon of red shift appears with the increase of the ambient refractive index by three peaks. λ1 from 1115 nm to 1190 nm, λ2 from 1593 to 1743 nm, λ3 from 2093 to 2224 nm. It can also be seen from Figure 7b that the redshifts of the three absorption peaks vary linearly from 1.0 to 1.3 in the background environment. Therefore, this resonance mode of our designed absorber can be used to adjust our absorber to achieve the desired effect in different environments. It is well known that in practical applications it is very important for devices to be insensitive to angle and polarization [67] [68] [69] . Therefore, we performed additional simulation calculations to study the effects of angle and polarization on triple-band absorbent materials. It can be seen from Figure 8a and Figure 8b that when the incidence angle reaches 40°, the perfect absorption is almost uninterrupted while keeping the central wavelength unchanged. This means that these strong absorbents are weak depending on polarization and incidence angle. This is because the Au nano-cuboids array we designed has good symmetry and can be completely absorbed by the absorber. The above results show that the triple-band tunable ideal absorber with nanostructured Au has a good angular polarization tolerance, which overcomes one of the shortcomings of the former absorber.
Conclusions
In conclusion, we designed a triple-band metamaterial absorber which is weakly dependent on It is well known that in practical applications it is very important for devices to be insensitive to angle and polarization [67] [68] [69] . Therefore, we performed additional simulation calculations to study the effects of angle and polarization on triple-band absorbent materials. It can be seen from Figure 8a ,b that when the incidence angle reaches 40 • , the perfect absorption is almost uninterrupted while keeping the central wavelength unchanged. This means that these strong absorbents are weak depending on polarization and incidence angle. This is because the Au nano-cuboids array we designed has good symmetry and can be completely absorbed by the absorber. The above results show that the triple-band tunable ideal absorber with nanostructured Au has a good angular polarization tolerance, which overcomes one of the shortcomings of the former absorber. However, for many metal absorbers, once their structures are fixed, their resonant wavelengths will no longer be tunable, so we calculated the change of absorption spectrum in different background environments. Figure 7a shows the absorption spectra of n = 1.0, n = 1.1, n = 1.2, and n = 1.3 with wavelengths of 900-3000 nm. The phenomenon of red shift appears with the increase of the ambient refractive index by three peaks. λ1 from 1115 nm to 1190 nm, λ2 from 1593 to 1743 nm, λ3 from 2093 to 2224 nm. It can also be seen from Figure 7b that the redshifts of the three absorption peaks vary linearly from 1.0 to 1.3 in the background environment. Therefore, this resonance mode of our designed absorber can be used to adjust our absorber to achieve the desired effect in different environments. It is well known that in practical applications it is very important for devices to be insensitive to angle and polarization [67] [68] [69] . Therefore, we performed additional simulation calculations to study the effects of angle and polarization on triple-band absorbent materials. It can be seen from Figure 8a and Figure 8b that when the incidence angle reaches 40°, the perfect absorption is almost uninterrupted while keeping the central wavelength unchanged. This means that these strong absorbents are weak depending on polarization and incidence angle. This is because the Au nano-cuboids array we designed has good symmetry and can be completely absorbed by the absorber. The above results show that the triple-band tunable ideal absorber with nanostructured Au has a good angular polarization tolerance, which overcomes one of the shortcomings of the former absorber.
In conclusion, we designed a triple-band metamaterial absorber which is weakly dependent on 
In conclusion, we designed a triple-band metamaterial absorber which is weakly dependent on polarization and incident angle. It consists of three layers of thin films called Au-SiO 2 -Au. Through the numerical calculation of the absorber, the results show that due to the Fabry-Pero resonance effect, the strong field is localized in SiO 2 in the dielectric layer. The SiO 2 layer limits the action of the electromagnetic field. The results show that the three absorption peaks of 96.8%, 99.6% and 99.2% can be achieved by adjusting the Au nano-cuboids array and film thickness. In addition, our absorber has the advantage of a good angular polarization tolerance. Through the reasonable design of the geometric structure of the device, the device can be used in the near-infrared resonance absorption wavelength. The results show that the periodic tunable triple-band metamaterial absorber has the advantages of perfect absorption, insensitivity to angle and polarization, and it can be widely used in plasma enhancement photoelectric, light absorption switch, infrared modulation light communication and other fields.
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